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PROBLEM TO BE SOLVED: To raise emitted light brightness by enlarging the 
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SOLUTION: The method comprises a process for forming a relatively narrow first 
division groove 5 of a groove width W1 on the surface at a semiconductor layer 
formation side of a semiconductor wafer 1 by dicing, etching or blast, and a 
process for forming a relatively wide second division groove of a groove width W2 
in a position corresponding to the first division groove 5 on a surface at a 
semiconductor layer non-formation side of the semiconductor wafer 1 by dicing. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]]n a method of dividing into many semiconductor chips a semiconductor wafer in which it comes to form a 
semiconductor layer on a substrate, A process of forming a narrow slot for the first division on the flute width by dicing, 
etching, or a blast relatively to the surface by the side of semiconductor layer formation of said semiconductor wafer, A 
chip split method of a semiconductor wafer including a process of being the surface by the side of semiconductor layer 
agenesis of said semiconductor wafer, and forming a large slot for the second division on the flute width by dicing 
relatively to a position corresponding to said slot for the first division. 

[Claim 2]A chip split method of the semiconductor wafer according to claim 1 including a process of forming a slot for the 
third division used as a relation of flute width ** of a slot for the flute width < second division of a slot for the flute width 
<= third division of a slot for the first division in a groove bottom of said slot for the second division by dicing. 
[Claim 3]A chip split method of the semiconductor wafer according to claim 1 whose groove cross section shape of said 
slot for the second division has the shape of an abbreviated U character with the crosswise deepest center section, or 
the shape of an abbreviated V character. 

[Claim 4]A chip split method of the semiconductor wafer according to any one of claims 1 to 3 whose flute width of said 
slot for the first division is 10-50 micrometers. 

[Claim 5]A chip split method of the semiconductor wafer according to any one of claims 1 to 4 whose flute width of said 
slot for the second division is 15-100 micrometers. 

[Claim 6]Said slot for the first division has the relatively small depth, and said slot for the second division is a chip split 
method of the semiconductor wafer according to any one of claims 1 to 5 with the large depth relatively. 
[Claim 73A chip split method of the semiconductor wafer according to any one of claims 1 to 6 whose thickness of a 
remaining part of a substrate which remains between said slot for the first division and a slot for the second division is 
20-100 micrometers. 

[Claim 8]A chip split method of the semiconductor wafer according to any one of claims 1 to 7 in which said substrate 
consists of a with a Mohs hardness [ of eight or more ] high hardness material. 

[Claim 9]A chip split method of the semiconductor wafer according to any one of claims 1 to 8 in which said substrate 
consists of sapphire or GaN, and said semiconductor layer consists of a gallium nitride system compound semiconductor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of dividing into many semiconductor chips the semiconductor 

wafer in which it comes to form a semiconductor layer on a substrate. 

[0002] 

[Description of the Prior Art]After forming a slot in a wafer by dicing or forming a scribe line by a scribe as a method of 
dividing a semiconductor wafer, it starts from said slot or a scribe line according to braking, and the method of breaking a 
wafer along with them is common. Dicing is the method of carrying out relative displacement of the rotary blade and 
wafer of a dicer (dicing saw), and forming a dicing groove in a wafer. A scribe is the method of carrying out relative 
displacement of the acute edge and wafer of a scriber, and forming a scribe line in a wafer. Braking is the method of 
breaking a wafer, by pressing a wafer with a press edge or a pressing roller, and performing three-point bending. 
[0003]In the semiconductor wafer using the substrate which consists of high hardness materials (for example, sapphire, 
GaN, etc.), Only by forming a shallow dicing groove or scribe line, braking needed to be carried out, after adding the 
device of carrying out dicing deeply, or carrying out a scribe after carrying out the thinning of the substrate substantially, 
since it is difficult to break a wafer according to braking. For example, the following all directions method is known as a 
method of dividing into chip shape the wafer in which the gallium nitride system compound semiconductor was laminated 
on the surface of silicon on sapphire. 

[0004](1) The method indicated in the patent No. 2765644 gazette includes the following process. 

** The thickness of the dicing process ** silicon on sapphire which cuts a slot deeply by a dicer more deeply than the 
thickness of a gallium nitride system compound semiconductor layer by polish. The partitioning process which divides a 
wafer into chip shape after the scribing step ** scribing step which puts a scribe line into silicon on sapphire with a 
scriber from on the slot formed by the polishing process ** dicing process made thin [0005](2) The method indicated in 
the patent No. 2780618 gazette includes the following process. 

** Form the first rate slot in a line by etching with desired chip shape from the gallium nitride system compound 
semiconductor layer side, and. In the position which agrees with the line of the first rate slot from the silicon-on-sapphire 
side of the process ** wafer which forms the flat surface which can form an electrode in a part of first rate slot. The 
process of dividing a wafer into chip shape along the rate slot of the process ** first and the second rate slot which form 
the second rate slot (a scribe is preferred) that has line width thinner than the line width of the first rate slot [0006](3) 
The method indicated in the patent No, 2861991 gazette includes the following process. 

** Form the first rate slot with desired chip shape from the gallium nitride system compound semiconductor layer side of 
a wafer at a line (etching), and. In the position which agrees with the line of the first rate slot from the 
silicon-on-sapphire side of the process wafer which penetrates a gallium nitride system compound semiconductor 
layer, and is formed to the depth except a part of silicon on sapphire, this first rate slot. The process of dividing a wafer 
into chip shape along the rate slot of the process ** first and the second rate slot which form the second rate slot (a 
scribe is preferred) that has line width thinner than the line width of the first rate slot [0007] 

[Problem(s) to be Solved by the Invention]It is necessary to form the slot even from the semiconductor layer formation 
side to a substrate by dicing like the above (1), and in the method of putting a scribe line into the groove bottom with a 
scriber further, it is necessary to enlarge the flute width of the slot so that a scribe edge may go into a slot. Making the 
line width of the first groove from the semiconductor layer formation side larger than the line width of the second rate 
slot from the silicon-on-sapphire side, as shown in the above (2) and (3), It is for making it not attain to even a 
semiconductor layer, even if the cutout line generated from the second rate slot runs aslant, therefore the line width of 
the first groove Is made large with 80 micrometers in working example of the gazette. Thus, when the area of the 
semiconductor layer in the semiconductor chip which will be divided if the flute width of the slot formed in the 
semiconductor layer formation side is made large decreases, and there is a problem that light emitting luminance becomes 
low and the area was kept from decreasing, the semiconductor chip could be taken and there was a problem that a 
number decreased. 

[0008]While making the area of the semiconductor layer in the semiconductor chip which the purpose of this Invention 
solves an aforementioned problem and is divided increase, being able to take a semiconductor chip and being able to 
make a number to raise light emitting luminance or increase. It is in providing the chip split method of the semiconductor 
wafer which can also carry out facilitating of the braking. 
[0009] 

[Means for Solving the Problem]This invention is characterized by that a method of dividing into many semiconductor 
chips a semiconductor wafer in which it comes to form a semiconductor layer on a substrate comprises: 
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A process of forming a narrow slot for the first division on the flute width by dicing, etching, or a blast relatively to the 

surface by the side of semiconductor layer formation of a semiconductor wafer. 

A process of being the surface by the side of semiconductor layer agenesis of a semiconductor wafer, and forming a large 
slot for the second division on the flute width by dicing relatively to a position corresponding to a slot for the first 
division. 

Of course, it is the relative relation of a flute width of a slot for the first division, and a flute width of a slot for the second 

division relatively that it is narrow or large. 

[0010]Here, a usual method of performing with a rotary blade to which a diamond abrasive grain adhered, for example may 
be sufficient as "dicing." As "etching", reactive ion etching, ion milling, Dry etching, such as converging beam etching and 
ECR etching, wet etching by mixed acid of sulfuric acid and phosphoric acid, etc. can be illustrated, and a mask for 
etching-proof of a pattern which leaves a lattice-like exposed part on the surface of a semiconductor wafer before 
etching is formed. The "blast" can illustrate a method of carrying out the blast of the particle abrasive with a mean 
particle diameter of 10-30 micrometers which consists of alumina, silicon carbide, boron, a diagram, etc., for example by 
the blast pressure 0.2 - O.SMPa, Before a blast, a mask for blasts-proof of a pattern which leaves a lattice-like exposed 
part on the surface of a semiconductor wafer Is formed. Kinetic energy which particle abrasive by which the blast was 
carried out at high speed has is the method of using an operation cutting off some of semiconductor layers or substrates 
in micro. 

[001 1]A process of forming a slot for the third division used as a relation of flute width ** of a slot for the flute width < 
second division of a slot for the flute width <= third division of a slot for the first division in a groove bottom of a slot for 
the second division by dicing can also be added. 

[0012]Groove cross section shape of a slot for the second division can also be made into the shape of an abbreviated U 
character with the crosswise deepest center section, or the shape of an abbreviated V character. 
[0013](As long as said relative relation is filled), as for a flute width of a slot for the first division. 10-50 micrometers is 
preferred, and its 20-40 micrometers are still more preferred, if formation of a slot for the first division will become 
difficult if this flute width is small, and this flute width is large — area of a semiconductor layer — or it can take and 
reduction in a number becomes remarkable. 

[0014](As long as said relative relation is filled), as for a flute width of a slot for the second division, 15-100 micrometers 
is preferred, and its 20-50 micrometers are still more preferred. If this flute width is small, a life of a rotary blade of a 
dicer will become short (there is a short-life tendency as a thin rotary blade), if this flute width is large, an area of base of 
a substrate in a semiconductor chip will become small, and mechanical stability will worsen. 

[001 5]As for a slot for the second division, although a tooth depth for the first division and a tooth depth for the second 
division in particular are not limited, a slot for the first division has the relatively small depth, and it is preferred that the 
depth is relatively large. It is because it is more desirable for a direction of a slot for the first division to have a relatively 
narrow flute width, and not to make a slot for the first division not much deep since a thin rotary blade with a short-life 
tendency is used as a rotary blade of a dicer. It is because a direction of a slot for the second division has a relatively 
wide flute width, and a thick rotary blade with a long-life tendency is used as a rotary blade of a dicer, so it is easy to 
make a slot for the second division deep. 

[0016]And it is preferred that thickness of a remaining part of a substrate which remains between a slot for the first 
division and a slot for the second division shall be 20-100 micrometers, and it is still more preferred to use 20-50 
micrometers. In this invention, since a slot for division is formed in both sides by the side of semiconductor layer 
formation of a semiconductor wafer, and semiconductor layer agenesis, facilitating of the braking can be carried out, but 
facilitating of the braking can be most carried out by making thickness of this remaining part into said range. 
[001 7]Although not limited by component of a substrate, this invention is effective especially when a substrate is what 
consists of a with a Mohs hardness [ of eight or more ] high hardness material. For example, it is effective in especially 
division of a semiconductor wafer in which a substrate consists of sapphire or GaN, and a semiconductor layer consists 
of a gallium nitride system compound semiconductor. 
[0018] 

[Embodiment of the Inventionl Drawing 1 - drawing 5 show the chip split method of the semiconductor wafer concerning 
the embodiment of this invention. First, when the semiconductor wafer 1 to divide is explained, as shown in drawing 1 (a), 
the wafer 1 , It consists of the substrate 2 and the semiconductor layer 3 which constitutes the light emitting devices (a 
light emitting diode, a laser diode, etc.) formed on the surface, and the same layer 3 consists of the principal layers 11-16 
and an electrode (graphic display abbreviation). 

[0019]The surface in which the substrate 2 becomes from sapphire, plane size shape forms the square of 2 inches (about 
5 cm) in, and thickness forms 350 micrometers and a semiconductor layer is a thing of a side {11-20}. However, a 
substrate is not limited to this but can change suitably material (for example, the substrate which consists of GaN(s) is 
used), plane size shape, thickness, a crystal face, etc. 

[0020]The principal layers 11-16 are the gallium nitride system compound semiconductors (although a buffer layer is AIN, 
GaN may be sufficient as it) all formed of metal-organic chemical vapor deposition, AIN buffer layer 1 1 is first formed on 
the substrate 2, and the Sl-dope n type GaN contact layer 12 is formed on the same layer 11, The n type GaN clad layer 
13 is formed on the same layer 12, and the luminous layer 14 of the multiple quantum well structure by which the GaN 
barrier layer and the InGaN well layer were laminated by turns is formed on the same layer 13, Mg-doped-p-type AlGaN 
clad layer 15 is formed on the same layer 14, and Mg-doped-p-type GaN contact layer 16 is formed on the same layer 
15. Although the thickness In particular of the 11 to principal layer 16 whole is not limited, it is 2-15 micrometers, for 
example. 

[0021]However, a principal layer is not limited to this composition, but can be changed suitably, such as changing the 
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presentation of each class, or changing a luminous layer for example, into single quantum well structure, or excluding the 
buffer layer 1 1, in setting the substrate 2 to GaN, or establishing resonance structure in the case of a laser diode. 
[0022][A first embodiment] Drawing 2 shows a first embodiment of the chip split method of the above-mentioned 
semiconductor wafer 1, and performs it by the following process. 

(1) As shown in drawing 1 (b) and drawing 2 ( a), the flute width W1 forms in the surface by the side of semiconductor 
layer formation of the semiconductor wafer 1 the slot 5 for the first division which is about 25 micrometers by dicing, 
etching, or a blast. The plane size shape of the semiconductor chip to divide is about 350 micrometers in one-side 

square, therefore the slot 5 for the first division is formed in pitch 350micrometer plane-lattice-like arrangement. The g 
depth of the slot 5 for the first division removes the semiconductor layer 3 by overall thickness, and it forms it so that it n 
may result even in the about 1 5-micrometer depth also in the substrate 2 further. 

[0023](2) As shown in drawing 2 (b). carry out the thinning of this substrate 2 to about 100 micrometers in thickness 
uniformly by grinding the surface by the side of the 350-micrometer-thick semiconductor layer agenesis of the substrate 
2 with a grinder. 

[0024](3) As shown in drawing 1 (b) and drawing 2 (c), it is the surface by the side of the semiconductor layer agenesis of 

the semiconductor wafer 1, and the flute width W2 forms in the position corresponding to said slot 5 for the first division 

the slot 6 for the second division which is about 50 micrometers by dicing. Although those flute widths have just lapped 

also partly, as for the slot 5 for the first division, and the slot 6 for the second division, it is preferred that the slot 5 for i 

the first division is settled in the range of the flute width of the slot 6 for the second division, and it is still more preferred 

that the center section of those flute width directions abbreviated-agrees up and down. As for the depth of the slot 6 for 

the second division, it is about 45 micrometers, therefore the thickness of the remaining part 2a of the substrate 2 which 

remains between the slot 5 for the first division and the slot 6 for the second division is set to about 40 micrometers. 

[0025](4) As shown in drawing 2 (d). break the semiconductor wafer 1 according to braking in the remaining part 2a of the 

substrate 2, and divide it into many semiconductor chips 10. 

[0026]According to the chip split method of this embodiment, the following effects are acquired. 

** Since the flute width W1 of the slot 5 for the first division formed in the semiconductor layer formation side of the 
substrate 2 is made narrower than the flute width W2 of the slot 6 for the second division formed in the semiconductor 
layer agenesis side, When making the area of the semiconductor layer 3 in the semiconductor chip 10 to divide increase, 
and light emitting luminance can be raised and it does not make the area increase, the semiconductor chip 10 can be 
taken and a number can be made to increase. 

[0027]** Since the flute width W2 of the slot 6 for the second division formed in the semiconductor layer agenesis side of 
the substrate 2 is made larger than the flute width W1 of the slot 5 for the first division formed in the semiconductor 
layer formation side, a thick rotary blade with a long-life tendency can be used as a rotary blade of the dicer which forms 
the slot 6 for the second division. By this, the depth of the slot 6 for the second division is enlarged, thickness of the 
remaining part 2a is made thin, and facilitating of the braking can be carried out. The replacement cycle of a rotary blade 
can become long, the time and effort of exchange can be reduced, and reduction of rotary blade cost can also be aimed 
at. 

[0028][A second embodiment] the chip split method of a second embodiment shown in drawing 3 (a). In a first 
embodiment, are after formation of the slot 6 for the second division, and before braking. Only in the point of adding the 
process of forming the slot 7 for the third division used as the relation of the flute width of the slot 6 for the flute width < 
second division of the slot 7 for the flute width <= third division of the slot 5 for the first division in the groove bottom of 
this slot 6 for the second division by dicing, it is different from a first embodiment. Flute width W3 is about (it is the same 
in the flute width W1 of the slot 5 for the first division, and abbreviation) 25 micrometers, and the slot 7 for the third 
division of the example of a graphic display is about 20 micrometers in depth from the groove bottom of the slot 6 for the 
second division. Therefore, the thickness of the remaining part 2a of the substrate 2 is set to about 20 micrometers. 
[0029]Since the thickness of the remaining part 2a of the substrate 2 becomes thinner according to a second 
embodiment, while being able to carry out facilitating of the braking more, The crack generated at the time of braking falls 
within the range of the flute width of the slot 7 for the third (narrower than flute width of slot 6 for the second division) 
division, and the effect of not running extremely aslant is acquired. 

[00303[A third and fourth embodiment] When the chip split method of a third embodiment shown in drawing 3 (b) forms 
the slot 6 for the second division in a first embodiment, only in the point which made groove cross section shape of this 
slot 6 for the second division the shape of an abbreviated U character with the crosswise deepest center section, it is 
different from a first embodiment. Only in the point which made groove cross section shape of the slot 6 for the second 
division the shape of an abbreviated V character with the crosswise deepest center section, the chip split method of a 
fourth embodiment similarly shown in drawing 3 (c) is different from a first embodiment. 

[0031]According to a third and fourth embodiment, since the thickness of the remaining part 2a of the substrate 2 
becomes the thinnest in the center section of the cross direction of the slot 6 for the second division, the crack at the 
time of braking occurs in this center section, and the effect of **** is acquired. 

[0032]This invention is not limited to said embodiment, as follows, for example in the range which does not deviate from 
the meaning of an invention, can be changed suitably and can also be materialized. 

(1) A semiconductor chip may not be limited to a light emitting device, for example, a photo detector may be sufficient as 
it. 

[0033] 

[Effect of the Invention] According to the chip split method of the semiconductor wafer concerning this invention, as 
explained In full detail above. While making the area of the semiconductor layer in the semiconductor chip to divide 
increase, being able to take a semiconductor chip and being able to make a number to raise light emitting luminance or 
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increase, the outstanding effect that facilitating of the braking can also be carried out is done so. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is a top view when the sectional view of the semiconductor wafer divided by the embodiment of this 

invention and (b) form the slot for division in this semiconductor wafer. 

[Drawing 2]I t is a sectional view showing the chip split method of a first embodiment. 

[Drawing 3]T he sectional view in which (a) shows the main point of the chip spilt method of a second embodiment, the 
sectional view in which (b) shows the main point of the chip split method of a third embodiment, and (c) are the sectional 
views showing the main point of the chip split method of a third embodiment. 
[Description of Notations] 

1 Semiconductor wafer 

2 Substrate 

2a Remaining part 

3 Semiconductor layer 

5 The slot for the first division 

6 The slot for the second division 

7 The slot for the third division 

W1 Flute width of the slot for the first division 
W2 Flute width of the slot for the second division 
W3 Flute width of the slot for the third division 



[Translation done.] 
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